Blood samples of miners heavily exposed to coal dust were examined for changes in glutathione S-transferase (GST) activity. Decreased GST activity was found in red blood cells of subjects with early stages of coal workers' pneumoconiosis (International Labour Office classification 011-1/2) when compared with control miners. At further progression of coal workers' pneumoconiosis (>,2/1), the activity of GST was not different from controls. In the same group with moderate coal workers' pneumoconiosis a decrease in GSH in red blood cells occurred. Decreases in GST activity in early stages of coal workers' pneumoconiosis, as well as the decreases in glutathione peroxidase (GPx) activity and in GSH concentrations reported earlier,' may originate from damage caused by reactive oxygen species. These changes might imply an impairment of the detoxification capacity for electrophilic and oxidative compounds during this stage of the disease. (British Jrournal ofIndustial Medicine 1993;50:633-636) Lung fibrosis related to the inhalation of dusts containing toxic particles such as silica or asbestos is a serious occupational hazard. It is well known that during the immune defence against dust particles, reactive oxidant species are secreted by various types of inflammatory cells with alveolar macrophages playing a key part in this process.23 The lung tissue possesses an elaborate defence mechanism to detoxify reactive oxidant species, constituted by a set of antioxidant enzymes such as
superoxide dismutase and glutathione peroxidase (GPx) and low-molecular weight compounds such as glutathione (GSH) acting as a substrate for GPx and glutathione S-transferase (GST) or as direct radical scavengers. Also, antioxidants localised in erythrocytes are involved in the antioxidant protection of the lung,45 acting as circulating antioxidant carriers.
Previously, we showed' 6 7 that antioxidant enzymes and GSH in erythrocytes are affected at different stages of pneumoconiosis in coal workers or silicotic patients and in lung tissue of rats exposed to silica8; GSH concentration and GST activity were also found to be affected after occupational exposure to reactive compounds9 10 and in situations involving reactive oxidant species stress such as smoking'0 and heavy exercise." This paper presents the results of GSH determinations and GST analyses with an activity assay and enzyme linked immunosorbent assay (ELISA) in red blood cells of a cohort of coal miners previously investigated by our research group.'
Materials and methods

SUBJECTS
Ninety one coal miners, all heavily exposed to coal dust underground at the coal face for at least 12 years, were selected from the Belgian coal mining industry pits (Kempense Steenkolenmijnen). Blood samples were taken and treated as described previously.' Control miners (n = 58) and miners with coal workers' pneumoconiosis (n = 33) were matched for exposure and age at which they started work. In this study persons with the classification 0/1, 1/0, 1/1, and 1/212 were gathered in group 2 (n = 19); persons with classification 2/1 and higher in group 3 (n = 14); control miners constituted group 1. asbestos. 8 We think that the decrease in GSH concentration and GST activity is caused by excessive release of reactive oxidant species by alveolar macrophages and neutrophils in the lung tissue. A decrease in GST activity cannot be the result of decreased GSH concentrations during determinations, as saturating concentrations of GSH (1 mmoll-1) are added in the assay. Moreover, there is no (negative) correlation between GSH content and GST activity of the blood samples. Combined with our data obtained with the ELISA on GST in erythrocytes (which tended to decrease in the same group) we conclude that a fraction of GST is damaged, possibly by oxidation of SH sites. The decrease in available GST activity plus the fact that GST activity is GSH dependent, might imply that in vivo functioning of the enzyme is affected rendering these subjects more susceptible to damage resulting from lipid peroxidation or from coexposure to electrophilic compounds. Various mineral fibres were reported to inhibit GST activity in the cytosol of rat lung homogenates after in vitro and in vivo exposure, whereas phase 1 reactions were increased at advanced stages of the disease.'8 An induction of phase I enzymes in advanced stages of fibrosis might further aggregate the accumulation of activated metabolites in the lung. Previously, we argued that the restoration of erythrocyte GSH content to control values in miners with coal workers' pneumoconiosis beyond 2/1 is caused by a hepatic efflux of GSH.' We found comparable phenomena for GST in previously untrained subjects. After moderate running training (up to 60 minutes after 20 weeks) GST activity and GSH concentrations in erythrocytes were both increased."I After heavy training (up to 90 minutes after 40 weeks) GSH values returned to normal and GST was substantially increased. Increases in GST protein content in erythrocytes can be the result of increased protein synthesis during erythrocyte proliferation, or, less likely, of increased longevity of the protein itself. Increases in GST content were also found in smokers.'0 Here lower specific activities and equal total activities were found. This too might be a result of compensatory GST synthesis. Thus GST activity in coal miners with coal miners' pneumoconiosis >2/1 could remain at normal values due to compensation of inactivation by extra protein synthesis during erythrocyte proliferation. This extra synthesis could be triggered by inflammatory processes generating cytokine release in coal workers' pneumoconiosis'9 or heavy exercise. Possibly the formation of lipid peroxides, reported to occur during exercise20 and in rats exposed to mineral fibres,2' could be an important factor in this respect. Lipid peroxides are known to be detoxified by GST, which shows selenium independent GPx activity.22
In conclusion, GST activity in erythrocytes is affected in early phases of coal workers' pneumoconiosis, possibly as a result of oxidative damage. Combined with our earlier findings (a decrease in GSH concentration and an increase of GPx activity), this might mean that detoxification of electrophilic compounds in these stages is impaired. 
